Approximately 350,000 to 500,000 ventral hernias are repaired yearly in the United States. These hernias include congenital umbilical hernias, incisional hernias from previous surgeries, or epigastric hernias. The crux of hernia repair is honoring the principle of achieving a tension-free repair, often achieved with utilization of a synthetic mesh. Over the last quarter of this century, laparoscopic ventral hernia repair has established itself as a valuable tool in repair of ventral hernias, with the advantages of reduced postoperative complications. More recently, the adaptation of the robotic platform has given another tool to perform ventral hernia repairs. The aim of this chapter is to describe the evolution of ventral hernia repairs and highlight the robotic approaches to repair.
Introduction
Ventral hernias are a classification of hernias affecting the abdominal wall. Included in this definition are epigastric, umbilical, Spigelian, and incisional hernias [1] . Repair of these hernias remains one of the most commonly performed procedures with more than 350,000 performed per year in the United States (SAGES) [2] . In addition to the cosmetic detriment,
In that document, additional descriptions of hernias were given. In ancient Greece, Hippocrates (460-375 BC) also described inguinal hernias [4] . While attempts to operate on inguinal hernias have been well described through the Middle Ages to the nineteenth century, reports on ventral hernia repairs during this era were limited.
The first reports of surgical hernia repair were published in the late nineteenth and early twentieth centuries, mostly describing umbilical hernia repair. At the time, surgical repair of hernias was considered "radical," with most people preferring reduction with a pad or suspension of incarcerated hernias [5] . Dr. Lucas-Championniere was one of the first surgeons to describe the principle of excising the hernia sac and closure of the neck [6] . The next evolution in hernia repair came in circa 1901, when William Mayo described primary repair using overlapping layers of fascia, or "pants over vest" technique. He "advocated the overlapping of the aponeurotic structures which were already at hand, securing a wide area of adhesions in place of edge to edge union" [7] . Incisional hernias were also recognized in this era. Kenelm Winslow described the experience of surgeons at the time emphasizing prevention of these hernias by closing incisions in layers. He also noted that although the repair described by Mayo had become popular, recurrence was a persistent problem, especially with large hernias [8] . In the early 1960s, knitted polypropylene mesh was introduced, which revolutionized repair, allowing for decreased recurrence rates. This repair allowed for additional variations in repair based on the placement of the mesh including extraperitoneal versus intraperitoneal placement [9, 10] .
The evolution of hernia repair continued with adaptation of minimally invasive surgery. The first laparoscopic ventral hernia repair was described in 1993 by LeBlanc and Booth [11] . Using 4 to 5 trocars, they repaired hernias in five patients using polytetrafluoroethylene (PTFE) mesh [8] . Laparascopic ventral hernia repair has become increasingly utilized in select cases, allowing for increased mesh overlap of defects and reduced postoperative complications compared to open repair. A limitation to laparoscopic ventral hernia repair, however, is that it remains a technically challenging procedure with a steep learning curve.
Robotic surgery allows for a way to alleviate the challenges presented by laparoscopic surgery. In 2000, the FDA approved the first robotic surgery system. The first robotic assisted ventral hernia repair was first described by Ballantyne et al. in 2003 [12] during which a PTFE mesh was placed and secured with a combination of sutures and tacks. Currently, the use of robotic ventral hernia repair is growing worldwide as a robotic platform allows for a more straightforward primary closure of the defect with the aid of wristed instruments. As the current body of literature is still evolving, the evaluation of its role as it relates to laparoscopic or open ventral hernia repairs is yet to be determined.
Indications
• Incisional hernia 
Conversion to laparoscopic or open procedure
Conversion to conventional laparoscopy may be necessary if there is malfunction of the robotic components.
The surgeon should be prepared to convert to an open procedure in the event of significant hemorrhage, bowel injury, or limited accessibility due to diffuse adhesive disease. 
Procedure

Patient setup
After administration of general anesthesia, the patient is placed in the supine position with arms tucked. The operating table can be rotated to accommodate positioning of the robotic tower (Figures 1 and 2) . Three ports are placed on the contralateral (or any side if hernia is Hernia 98 midline) side to accommodate the instrument arms and camera. The ports are 5 or 8 mm wide and are placed 8 to 10 cm apart to avoid instrument collision. If using the da Vinci Si system, it may help to place bariatric trocar near the anterior superior iliac spine to avoid collision with the hip during dissection. Utilizing bariatric long trocar will move the instruments away from the hip, thus allowing for a free range of motion with the instruments. In our practice, we sometimes also include an accessory port on the opposite side to assist with instrument exchanges such as sutures and mesh introduction.
Dissection of the hernia sac
Adhesions are taken down using a combination of blunt dissection using a blunt grasper and Endoshears. The Endoshears have a versatile use, and when connected to an energy source, they can function in place of a hook cautery (using either with closed tips or with one jaw), control bleeding, or aid in blunt dissection (Figure 3) . In our practice, we measure the defect by inserting a sterile ruler into the abdominal cavity. After insufflation is released to 5 to 8 mmHg, the dimensions of the defect are recorded to allow for adequate estimation of the defect.
Mesh selection
A 4-to 5-cm circumferential overlap is desirable for ventral hernia repairs and accommodates for related shrinkage. Products available include polypropylene and polyester mesh. At our institution, we most commonly use the polypropylene mesh. The mesh is rolled extracorporeally and secured with a single stay suture. It is then introduced into the cavity using an accessory 12-mm port. The mesh repair can then proceed using one of the following methods: intraperitoneal onlay mesh (IPOM), transabdominal preperitoneal (TAPP), transversus abdominis release (TAR), and retromuscular repair.
Intraperitoneal onlay mesh (IPOM)
Repairs using intraperitoneal onlay mesh originated with inguinal hernia repair and soon found a role in ventral hernia repair [13] [14] [15] . The repair is completed by positioning the mesh over the defect with 4 to 5 cm overlap. The mesh can be secured using permanent or absorbable tackers. This can be done using the standard laparoscopic technique. An advantage of the robotic platform is that with the degrees of freedom, the mesh can also be sewn in. In this method, two to four tacks can be used to position the mesh if needed. The mesh is secured with a running absorbable suture around the border.
Early hypotheses associated transfascial sutures and tacks with increased pain; however, there has been no significant difference in retrospective reviews. Transfascial sutures and tacking have demonstrated similar pain profiles in available series that analyzed postoperative pain, opiate use, and telephone interview follow-up (mean follow-up 30 months). Transfascial sutures were, however, associated with increased infection rate [16] [17] [18] . To date, there are no comparisons of prospective randomized controlled studies on running suture versus transfascial sutures or tacking.
Transabdominal preperitoneal (TAPP) repair
Given the concern for adhesions to mesh, potential for mesh migration, and other complications associated with intraperitoneal onlay mesh, there has been an increasing interest in more physiologic repairs. Preperitoneal repair for ventral hernia was first described in 2002, after it had already gained popularity in the repair of inguinal hernias [19] . In this technique, a peritoneal flap is created, and after the mesh is secured with tacks, the peritoneum is reconstructed with intracorporeal sutures. When compared to laparoscopic IPOM, there were no major differences in outcomes [20] [21] [22] . Despite the benefits of laparoscopic preperitoneal repair, the literature reflects a select few limited case series and case reports using this technique [23] . This may reflect the technical difficulty of laparoscopy in creating and closing the peritoneal flap. The articulating instruments and degree of freedom offered by robotic surgery can compensate for the difficult maneuvers required to perform a TAPP ventral hernia repair. The experience with robotic TAPP is evolving and has been demonstrated as a safe and feasible procedure in small retrospective case series [24] . The procedure starts with adhesiolysis and careful delineation of the hernia sac. Upon reduction of hernia sac, peritoneal flap creation starts. We typically start the dissection on the ipsilateral side of the port midway on the falciform ligament. By gently pulling down on the falciform ligament, a small area of peritoneum is opened and the dissection is initially carried out in superior to inferior dissection. Once the peritoneum is opened, the peritoneal flap creation is carried out laterally to accommodate the mesh with a 4-to 5-cm overlap. If enough peritoneum is dissected off of the posterior sheath, the peritoneum can be flexible enough to cover the mesh on the Herniaipsilateral side to equally cover the mesh (Figure 4A) . The flap can be created either through single docking with unilateral ports on one side or via double docking with ports on both sides of the abdomen. In our experience, TAPP repair for primary hernias such as epigastric and umbilical hernias can be accomplished using single docking; however, for the incisional hernias, it is preferable to employ double-docking technique by creating a flap starting in the midline. Upon completion of flap creation, the hernia defect can be primarily approximated using locking sutures. The mesh can then be placed in the preperitoneal space and secured to the posterior sheath with either sutures or absorbable tackers ( Figure 4B) . Upon completing mesh fixation, the peritoneal flap created can then be used to cover the mesh providing space for the mesh to integrate with posterior sheath and avoiding contact with intraperitoneal contents (Figure 4C ) [30] .
Transversus abdominis release (TAR)
Although tension-free repairs using mesh have been successful, the patient's posterior rectus provides a natural and less costly abdominal wall barrier. In this technique, after reduction of the hernia, the peritoneum and posterior rectus sheath are dissected from the rectus muscle. The dissection is then extended laterally and the transversus abdominis muscle aponeurosis is incised, producing component separation which allows for primary repair of the hernia defect. The primary repair can be completed using locking sutures, such as the STRATAFIX, which has been approved by the FDA for fascial closure [25] .
Robotic retromuscular ventral hernia repair (RRVHR)
Component separation, a therapy for extensive abdominal wall defects, can also be achieved using minimally invasive techniques. Open component separation is still limited by recurrence and associated wound complications. Carbonell et al. reported release of the posterior rectus sheath in the retromuscular space and referred to it as posterior component separation technique (PCST) [26] . Posterior component separation was also adapted to minimally invasive techniques using the robot. When compared to laparoscopic ventral hernia repair in an analysis of Americas Hernia Society Quality Collaborative database, RRVHR was not significantly different in terms of direct hospital costs, narcotic requirements but was associated with increased incidence of seroma [27] .
After the hernia is identified and reduced, edges of the hernia sac are delineated and edges are opened with electrocautery. Once the edges are opened, posterior sheath is separated from the rectus and the anterior sheath, and the dissection is carried out laterally until neurovascular bundles are found. Care must be taken to avoid disrupting the linea alba as the dissection is carried out. This should classically be done with ports on the bilateral flank. The initial dissection can start on one side, and once posterior sheath is separated on one edge of the hernia sac, additional ports are placed on the contralateral side. The above step is repeated to separate the posterior sheath from the rectus (Figure 5) . Upon completely entering the retromuscular space, the hernia defect can be approximated using locking sutures and mesh reinforcement can be performed below the primary repair of the defect. The posterior sheath, which was separated, is then closed below the mesh using sutures to fully place the mesh in the retromuscular space. The peritoneum and posterior rectus fascia are both separated from the posterior rectus muscle. A 4 to 5 cm perimeter is dissected. After repair of the primary defect, the polypropylene mesh is then placed inside the cavity and secured using a circumferential locking suture. The peritoneum and posterior fascia are then reapproximated using running locking suture.
Tips
• When securing the mesh during IPOM, avoid large gaps, which can allow bowel to become caught in the mesh
• To obtain an accurate measurement, we can use a sterile ruler with reduction in pneumoperitoneum ( Figure 6) • If complete closure of the peritoneum cannot be achieved, we can suture borders of peritoneum to preperitoneal mesh (Figure 7) . Robotic Ventral Hernia Repair http://dx.doi.org/10.5772/intechopen.68950 103
Considerations
Cost
The cost benefit to laparoscopic ventral hernia repairs mirrors the clinical benefits of this approach. With decreased operative times and complications, accounting for readmissions and recurrences, laparoscopic ventral hernia repair was shown to be cost effective, including 1-year follow-up in analysis of both a statewide database and the National Inpatient Sample [28] . A concern of the use of robotic surgery is the cost of the technology. Consensus on the impact of cost has been a topic of controversy. As previously noted, laparoscopic and robotic retromuscular repairs do not significantly differ in terms of direct hospital costs in an analysis of a large multicenter database [27] . Differences in costs are multifactorial, and costs can be distributed in centers where multiple services are utilizing the robot. Kudsi et al., after finding improvement in operative times, suggested that this may also be an area of cost savings [29] .
Obesity
Minimally invasive surgery in obese patients can be challenging. Body habitus and extensive subcutaneous tissue can hinder efforts to achieve pneumoperitoneum and maneuver laparoscopic instruments. Moreover, this population is at higher risk of developing recurrent incisional hernias and higher risks of complications following repair. Patients with a body mass index (BMI) ≥ 30 kg/m 2 have demonstrated poorer outcomes following ventral hernia repair, have higher rates of recurrence, more complications, and longer hospital stays [30] . The benefits of performing minimally invasive surgery in obese patients can compensate for the associated difficulties. Minimally invasive ventral hernia repair is associated with lower complication and recurrence rates. In a retrospective review of 163 obese patients (BMI ≥ 30 kg/m Robotic hernia repair provides several advantages to laparoscopy, but the literature is sparse for its use specifically in the obese patient population. In a small retrospective review comparing robotic-assisted to laparoscopic repair, where the mean BMI was 31.5 kg/m 2 , the outcome showed a comparable success rate for robotic repair [33] .
Pediatric patients
In our practice, we do not include pediatric patients; however, minimally invasive ventral hernia repair has been practiced in this population. The first series of minimally invasive ventral hernia repair in children was reported in 2006 using 3-mm ports and standard laparoscopic equipment with a mean age of 2 years in those with epigastric hernias and 4.2 years in patients with umbilical hernias, demonstrating that the procedure was safe and feasible [34] .
Robotic ventral hernia repair is yet to be reported in this population; however, the scope of robotic surgery has expanded to include repair of congenital diaphragmatic hernias, cholecystectomy, and inguinal hernias.
Role of robotics in surgical education
As robotic surgery becomes increasingly integrated into various practices, including cardiothoracic surgery, oncologic surgery as well as urology and gynecology, it is also becoming important for trainees to become familiar with this technology. Simulation software included with the system allows trainees to develop skills. During live surgery, the ability to alternate between consoles provides a similar learning environment to standard open and laparoscopic surgery without affecting patient safety. A consensus on general surgery training and robotic training has not been described; however, in the field of urology, the importance of robotic training has been well recognized as a vital tool for trainees to grasp projecting that it will become basic skill in the future [35, 36] . In a recent survey addressing attitudes of general surgery attendings and residents, 73% of residents completed robotic simulator training, with 20% having experience as the primary console operator. One hundred percent of attending surgeons surveyed believed that robotic surgery training should be included in general surgery training programs [37] .
Conclusions
The evolution of surgery for ventral hernias has followed developments in inguinal hernia repair. From trusses and external devices came open repair followed by minimally invasive techniques. The difficulties encountered with the limits of laparoscopic repair have been alleviated by the versatility offered by robotic surgery which includes enhanced dexterity, visualization, and ergonomics. Options for minimally invasive techniques include a wide variety of techniques reflecting the complexity of abdominal wall components and include intraperitoneal onlay mesh, transabdominal preperitoneal repair, transverse abdominis release, and retromuscular repairs. While the safety and efficacy of all of these modalities has been well validated, the type of repair should be patient centered.
While cost remains a concern in robotic ventral hernia repair, this is a topic of controversy. Assessing cost is a complex moving target and is sensitive to metrics such as operative times, utilization, and maintenance. Analysis of total robotic utilization across all specialties in an institution may be warranted to capture the true effect on healthcare costs.
As the use of robotic surgery has spread to include ventral hernia repair, it is likely that this can prove to be true for a broad range of procedures, making the techniques used in ventral hernia repair useful for building a basic skillset. For our current surgical trainees, this is especially true, and it is yet to be determined how this will shape general surgery curricula. 
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